The immune response to several synthetic polymers of amino acids is genetically controlled. The gene loci that regulate the antibody response to these polymers have, so far, been inseparable from those that code for the major histocompatibility antigens (1, 2) . Although the cellular basis for the poor responsiveness of certain strains of mice and guinea pigs has not been completely clarified, several possibilities have been excluded. Since the deficit in nonresponder animals can be overcome by linking the antigens to immunogenic carriers, one may assume that the deficit is not due to an absence of a clone of antibody-forming cells (B-cells) with specificity for the antigens (3) . Also, the macrophages of nonresponder animals appear to handle antigen normally (4, 5) . Thus, by exclusion it would appear that the cellular basis for unresponsiveness of nonresponder mice lies in thymus-processed lymphocytes (T-cells). Recent evidence indirectly supports this view (6) (7) (8) .
We have attempted to examine the interaction of T-cells from nonresponder mice with antigen directly, using a recently established technique for measuring T-cell DNA synthesis (9) . Thymocytes incorporate very little [1251 ]dU into DNA after injection into lethally irradiated syngeneic mice unless they are stimulated with antigens that elicit a thymusdependent immune response (9, 10) . Thus, antigens such as polyvinylpyrrolidone and pneumococcal polysaccharide fail to stimulate a significant DNA synthetic response.
Our results show that thymocytes of nonresponder mice synthesize significant amounts of DNA when they meet the antigen in the spleen. Thus, we suggest the genetic deficit of these mice lies distal to the T-cell-antigen recognition event.
MATERIALS AND METHODS
Antigens. The antigen studied was a random linear copolymer of glutamic acid, alanine, and tyrosine, Glu (60%), Ala (30%), Tyr (10%) (Glu,Ala,Tyr1o). It was prepared by base-initiated polymerization of N-carboxy anhydrides of the specific amino acids (11) . The Measurement of T-Cell DNA Synthesis. The technique used for measuring the response of thymus cells to antigen has been described (9) . Briefly, lethally irradiated recipient mice were inoculated intravenously with 3-5 X 107 syngeneic thymocytes and immunized with test or control materials intraperitoneally on the same day. At intervals thereafter, they were given 2 Nonresponder Mice. Spleen-localizing thymocytes from nonresponder mice (DBA/1) synthesized significant amounts of DNA in response to challenge with 100 ,g of (Glu,Ala, Tyr) containing two different mol percents of tyrosine [(Glu,Ala,Tyrio) and (Glu,Ala,Tyr4) ] (Fig. 1) . The increase in isotope uptake produced by (Glu,Ala,Tyrio) immunization (versus saline controls) was statistically significant on all assay days, and that produced by (Glu,Ala,Tyr4) immunization was significant on days 2 and 3. We used a copolymer of glutamic acid and tyrosine (GlugoTyrio) as one negative control since it is nonimmunogenic in mice (14) . Another control, (Glu,Ala, Tyrio) polymer made of only D-amino acids, which is also nonimmunogenic at normal concentrations (15) , was included in other experiments (data not shown), and did not produce a DNA synthetic response. The response of the thymocytes to a positive control (0.2 ml of a 20% suspension of sheep erythrocytes is also presented.
Responder Alice. A similar experiment was performed with responder mice (DBA/2). The DNA synthetic response of their thymocytes to stimulation with all three polymers was indistinguishable from the saline controls, although the positive control, sheep erythrocytes, elicited a significant response (Fig. 2) . A seeming paradox exists; thymocytes from nonresponder mice respond to antigen while those from responder mice do not. Since thymocytes can synthesize significant amounts of DNA during tolerance induction (16) , we investigated the possibility that tolerance was being induced in the thymus cells in the spleens of nonresponder mice. We inoculated syngeneic thymocytes into lethally irradiated recipients and injected half with 100 Mig of (Glu,Ala,Tyrio) and half with saline. 8 Days later we harvested the spleens and inoculated the recovered cells (on a one spleen-one recipient basis) into another group of syngeneic lethally irradiated mice, and measured the DNA synthetic response to antigen of these cells that had been passed through spleens.
Nonresponder Mice. Immunized thymocytes from nonresponder mice failed to respond to a second challenge with (Glu,Ala,Tyr1o) (Fig. 3) ; indeed their response was poorer than the saline controls (reminiscent of the negative response produced by (Glu,Tyr) in normal thymocytes) (see Fig. 1 ), although the diminution was not statistically significant. The nonimmunized thymocytes that had been passed through spleens did not make a significant response to (GluAla, Tyrio) either. The difference between these results and those obtained with nonpassaged thymocytes can be a function of cell dose; a significant loss of cells occurs. This loss is also exemplified by the small response (P < 0.05) in both immune and nonimmune cells to sheep erythrocytes (see Fig. 1 ). Of interest was the considerable increase in background DNA synthesis produced by the initial immunization with (Glu,-Ala,Tyrio). (The saline controls of (Glu,Ala,Tyr1o) "educated" cells against the saline controls of "uneducated" cells; P < 0.02). This increase apparently was due to the increased DNA synthesis that occurred during the initial immunization (see Fig. 1 ), and that continued after cell transfer.
Responder Mice. Responder thymocytes that had been passed through spleens and immunized against (Glu,Ala, Tyrio) made a striking response to a second immunization with (Gly,Ala,Tyrio) (P < 0.01) (Fig. 4) . Their response to (Glu,Ala,Tyr1o) was much greater than the response to sheep erythrocytes (P < 0.02) (see Figs. 1-3) . Also, in contrast to nonresponder mice, primary immunization with (Glu,Ala, Tyro) did not result in an increase in background DNA synthesis, pointing up again the difference in the responses of responder and nonresponder mice to a primary confrontation with antigen.
Effect of (Glu,Ala,Tyr) immunization on the antibody response to (Glu,Ala,Tyr)-methylated bovine-serum albumin)
These results are compatible with the notion that both nonresponder and responder thymus cells recognize (Glu,Ala,-Tyrio), but that the recognition event leads to paralysis in the nonresponders and to immunity in responders.
We tested this possibility in the following manner. We gave normal responder (DBA/2 and C57B1/6) mice and nonresponder (DBA/1) mice an intraperitoneal inoculation of 100 ,ug of (Glu,Ala,Tyrio) in aqueous solution 5 or 10 days before immunizing them with 10 ,ug of (Glu,Ala,Tyrio) coupled to an immunogenic carrier, methylated bovine-serum albumin. We have found (Glu,Ala,Tyrio)-methylated bovine-serum albumin to be immunogenic in both responder and nonresponder mice (Merryman and Maurer, unpublished). 10 ug of noncoupled (Glu,Ala,Tyr1o) was inoculated intraperitoneally at the time of immunization with (GluAla,Tyrio)-methylated bovine-serum albumin to prevent a breakage of tolerance, which is produced by altered antigens (17, 18) . The breakage can be prevented by simultaneous inoculation of unaltered antigen (19) . The results (Table 1) show that treatment with 100 Mug of (Glu,Ala,Tyr1o) 5 days before immunization abolished the antibody response of nonresponders against (Glu,Ala,Tyrio), but not that of responder mice. Interestingly, the abolition was only temporary. By 10 days after the treatment, the mice that had received (Glu,Ala, Tyr1o) polymer in saline made mdre antibody after immunization with (Glu,Ala,Tyrio)-methylated bovine-serum albumin than did controls (P < 0.001). 
DISCUSSION
Immunologically competent T-cells characteristically respond to antigen with a wave of DNA synthesis (9, 10, 20) . The technique we have used to study the DNA synthetic response of T-cells after antigenic stimulation yields results parallel to those from studies of mitosis of chromosomally marked cells (10) . Thus, both studies give the same hierarchy of stimulation between antigens, and both have shown that antigens without a T-cell component in the immune response they elicit are nonstimulatory. It is therefore reasonable to assume, should an antigen stimulate DNA synthesis in T-cells, that an event of immunologic recognition has transpired. Since thymocytes of mice that are genetically incapable of making a significant antibody response to Glu,Ala,Tyrio synthesize DNA after confronting the antigen in the spleen, we assume that a recognition event took place. This conclusion is strengthened by the fact that nonimmunogenic substances such as (Glu, Tyr) and the (Glu,Ala,Tyr1o) polymer made of D-amino acids were nonstimulatory. Indeed, the amount of DNA synthesis produced by immunization with (Glu,Ala,Tyr) was suprisingly high; about half as much as produced by immunization with sheep erythrocytes. Bovine-serum albumin, which is clearly recognized by T-cells (21) , is significantly less stimulatory (10) .
The fact that the polymer did not stimulate a detectable DNA synthetic response in T-cells of mice that are genetically capable of making an antibody response to it is interesting, but its meaning is less clear, as negative results always are. The amount of T-cell DNA synthesis an antigen will stimulate depends on a number of factors such as antigen dose, number of T-cells present, ratio of cortisone-resistant to cortisonesensitive cells in the thymocyte population, and strain of mouse (9, 10, 22) . Thus, a highly stimulatory substance may yield negative results under nonoptimal conditions, and we cannot conclude from the present data that (Glu,Ala,Tyr) cannot stimulate DNA synthesis in T-cells of responder mice. That responder T-cells recognized the antigen in spite of their lack of DNA synthesis was demonstrated by their striking secondary response. The acquisition of memory in the absence of significant DNA synthesis has been previously noted (16, 23) .
The striking secondary response of these cells points up all the more clearly the absence of such a response in the nonresponders. Thus, although a clear-cut response occurred the first time the T-cells of nonresponders saw the antigen, they not only did not acquire an increased capacity, but rather tended to make a negative secondary response. These results suggest that the T-cells of the nonresponder strain of mice may have been made tolerant by the initial contact with antigen. The occurrence of significant amounts of DNA synthesis by T-cells during tolerance induction to sheep erythrocytes has recently been demonstrated (16) . Tolerance induction in the T-cells [or other cells with which they may communicate (24, 25) ] by (Glu,Ala,Tyrio) immunization of nonresponder mice would explain the ability of prior treatment with the free polymer to suppress the antibody response to the polymer on an immunogenic carrier.
It is interesting that the suppressive effect of prior antigen treatment was short-lived; although the antibody response was suppressed 5 days after prior treatment, at 10 days after it was enhanced. These results parallel a recent study of induction of tolerance to sheep erythrocytes in T-cell popula- (16) . In that study, T-cells were noted to be completely unresponsive to sheep erythrocytes after previous treatment with a large dose of antigen, even though they had previously synthesized considerable amounts of DNA. The unresponsive period of the T-cells was short-lived and passed into a phase of hyper-responsiveness, as did the antibody response of nonresponder mice previously treated with (Glu,Ala,Tyr1o).
Thus, our results both with the effects of (Glu,Ala,Tyr1o) on the antibody response to (Glu,Ala,Tyr1o)-methylated bovineserum albumin and on T-cell DNA synthesis are consistent with the notion that this polymer has an inordinate propensity to induce tolerance in certain strains of mice. Parish has recently suggested that the affinity of antigen for cell receptors is of crucial importance in determining whether immunity or tolerance results (26) . We suggest that the gene products of the H-2 locus on the T-cell membrane may contribute to the affinity of binding of the antigen with the membranebound receptor and, through this contribution, regulate immunological responsiveness.
Whatever the explanation, our results clearly demonstrate, at least with one system of genetically controlled immunologic unresponsiveness linked to H-2, that the deficit in nonresponder mice lies in their T-cells, but distal to the event of antigenic recognition.
